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ABSTRACT 


In this paper, we proposed a hexagonal shaped microstrip ultra-wideband 
(UWB) antenna integrated with dual band applications. The antenna design 
consists of a hexagonal shape patch with two folded Capacitive Loaded Line 
Resonators (CLLRs) on the left edge of the patch antenna. This hexagonal 
structure is used to implement UWB applications (3.1-10.6 GHz). 
A rectangular ground, and two CLLR are also used on the bottom of antenna 
to obtain the extra dual resonant frequency at 2.4 GHz and 9.1 GHz for 
Bluetooth and radar applications respectively. The proposed design is 
implemented using FR4 epoxy substrate. The relative permittivity of the 
substrate is 4.4. The overall size of designing antenna is 26 x 30 mm2 with 
1.6 mm as thickness and fed by standard feed line of 50 Q microstrip. 
The results obtained from the simulation indicate that the designed antenna 
attains a good bandwidth from 1.1 GHz — 10.69 GHz with VSWR < 2 and 
return loss < -10 dB. The proposed geometry is simulated by using the 
Ansoft HFSS simulator working on the principle of FEM and results 
are also analyzed. 
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1, INTRODUCTION 

In 2002, the Federal Communications Commission (FCC) announces the frequency bandwidth of 
ultra wideband (UWB) system. The commercial bandwidth of UWB 1s 3.1 -10.6 GHz. This is the very large 
frequency bandwidth in the communication system. Due to the very fast development in wireless 
communication system, a very large number of researchers have given their research interest in designing and 
implementation of various type of antenna for UWB applications. The UWB antenna has some special 
features such as low power consumption, high data rate, omni directional with maximum accuracy. The size 
of the antenna also becomes compact with minimum cost. For communication applications, the FCC provides 
- 41.3dBm/MHz as an effective isotropic spectral power density of the UWB bandwidth system [1, 2]. 

In other hand, the designing part of the UWB antenna has some challenges like electromagnetic 
interference (EMI), compact antenna design with good result of radiation pattern and impedance matching 
properties over the entire frequency band from 3.1-10.6 GHz [3-4]. Due to wide spectrum bandwidth of 
UWB system, a lot of researcher puts their interest to enhance the research technology for UWB applications 
in different communication systems [5-10]. In UWB microstrip patch antenna, it consists of radiating patches 
on the upper side of antenna called dielectric substrate, whereas ground is designed on the back side of 
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antenna. Microstrip antennas are compact in size, light weighted, and are easy to implement with low 
complexity. This antenna has several used in modern communication system such as satellite 
communication, mobile, missile system etc [11]. 

In previous years, to increase the performance and working bandwidth of the microstrip UWB 
antenna, a large number of research have been carried out on the shape of the microstrip UWB antenna such 
as J-shaped notch [12], U-shaped, CPW fed fractal patch antenna, diamond shaped monopole antenna [13], 
and similarly slotting techniques have also used like truncated corners, hexagonal, central patch, rectangular 
slot patch [14-17]. In addition, due to the increasing demands of modern communication system, 
it 1s necessary to integrate different frequency bands within the UWB applications. Therefore, it is a 
significant parameter to design UWB antenna which is integrated with different frequencies with small size, 
ease of manufacturing and can be used in different purpose. 

For adding extra bands, different methods are proposed for implementation of these structures such 
as multiband performance is achieved by employing three L-shaped or elliptical-shaped strips in the ground 
plane of the antenna [18-19], circular etched with inverted L-shaped strip [20] provides UWB frequency 
integrated with three other L, C and X band applications. Similarly, other structure are alos used like inverted 
U-shaped strip, two extra bands are added to the UWB antenna [21]. In the above [18-19] and [21], 
the entire UWB frequency spectrum is not covered by the proposed design. 

In this paper, a simple, compact UWB antenna is proposed integrated with dual band for Bluetooth 
and Radar applications. In the proposed design, it consists of a hexagonal patch antenna designed above the 
dielectric substrate. On the bottom side of the antenna, a rectangular ground is provided. From this structure, 
UWB band 3.1 — 10.6 GHz is obtained. In order to integrate the other two resonant frequencies for Bluetooth 
(2.4 — 2.48GHz) and Radar (8 — 12GHz), a pair of two inverted L-shaped Capacitive Loaded Line Resonators 
(CLLRs) are introduced at the left side with the rectangular ground plane side of the antenna [22-26]. 
With inverted L-shaped strip [20] provides UWB frequency integrated with three other L, C and X band 
applications. Similarly, other structure are also used like inverted U-shaped strip, two extra bands are added 
to the UWB antenna [21]. In the above [18-19] and [21], the entire UWB frequency spectrum 1s not covered 
by the proposed design. 


2. ANTENNA DESIGN 

In Figure 1, a general structure of designing antenna is shown. The antenna structures consist of a 
hexagonal shape with one rectangular feed structure on the top side of the antenna. On the back side of the 
antenna, a rectangular ground is designed which is connected with two inverted L-shaped capacitive loaded 
line resonator. The antenna is designed on an FR4 substrate with substrate dimension of 26 x 30 mm2 and 
thickness h = 1.6mm. The substrate has a relative permittivity of 4.4. By using the hexagonal shape design on 
the top surface of the substrate, it provides the UWB frequency band. To obtain the other desired two 
resonant frequencies such as 2.4 GHz and 9.1 GHz, two additional strips as a CLLR are designed and 
connected to the rectangular ground. The dimension of rectangular ground is 13.15 mm x 30 mm and the 
dimensions of first and second strips are 11.85 mm x 0.5 mm and (12.35 mm + 1.5 mm + 1.5mm) 
x 0.5 mm respectively. 





Figure 1. A general view of proposed antenna 


In the proposed antenna, both the CLLRs are designed on the same side of antenna. The width of 
CLLR is 0.5 mm and the gap between the two resonator 1s also 0.5 mm. 
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A 
To design the resonator, °/4 can be taken as length [22], where © is given by 
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f eff (1) 
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A 
From the above equation, ° can be determined from the resonant frequency, velocity of light 
and permittivities. The design structure and dimensions of the antenna is given in Figure 2. The proposed 
antenna designing parameters 1 mention in Table 1. 
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Figure 2. Geometry and dimensions of the proposed antenna 


Table 1. Proposed Antenna Design Parameters 


Parameters Value (mm) Parameters Value (mm) 
L 26 S2 iP 
W 30 S3 5.32 
Ll 13.15 S4 5.32 
Wil 3.8 S5 7.5 
La 235 S6 5.32 
Sl S02 


The antenna is fed by a microstrip feed line of 50-Ohm to enhance the impedance matching property 
of the antenna. Different configuration of antenna (a) Top view (b) Bottom view as shown in Figure 3 and 
Equivalent circuit model of proposed antenna as shown in Figure 4. 





(a) (b) 


Figure 3. Different configuration of antenna (a) Top view (b) Bottom view 
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Figure 4. Equivalent circuit model of proposed antenna 


3. SIMULATION RESULT AND ANALYSIS 

The design and simulation of the proposed antenna are done with the help of Ansoft High Frequency 
Structure Simulator (HFSS) simulation tool. Ansoft HFSS is an electromagnetic simulator, which is based on 
finite element method (FEM) technique [27]. The simulated results of the projected antenna are discussed 
below. These results clearly indicate that the proposed antenna covers UWB frequency band from (3.1-10.6) 
GHz along with the integration of dual resonant frequencies centered at 2.4 GHz and 9.1 GHz. From 
Figure 5, it is clear that the simulated antenna has better return loss of - 34 dB and -23.22 dB at .4 GHz and 
9.1 GHz respectively (S11 < -10 dB). 

Figure 6 shows the simulated VSWR result. It is also under the desired condtions (VSWR<2) for 
UWB range as well as dual frequencies at 2.4 GHz and 9.1 GHz respectively. Figure 7 show Far-field 
radiation pattern (a) Radiation pattern at 2.4 GHz (b) Radiation pattern at 9.1 GHz and Figure 8 show Field 
plot of the proposed antenna E- field and (b) H-field 
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Figure 5. Simulated Return loss (S11) Result Figure 6. Simulated VSWR Result 
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Figure7. Far-field radiation pattern (a) Radiation pattern at 2.4 GHz (b) Radiation pattern at 9.1 GHz 
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Figure 8. Field plot of the proposed antenna E- field and (b) H-field 


CONCLUSION 
A compact hexagonal shaped UWB antenna has designed and analysed with significant results. 


This antenna has also achieved dual band integrated applications. The hexagonal shaped conducting patch is 
used to achieve the UWB band (3.1-10.6 GHZ). By adding two CLLRs on the rectangular ground, two extra 
bands can be obtained. From the simulated results, the antenna provides stable and omni-directions radiation 
patterns and stable gain throughout the UWB band along with two other bands. The proposed antenna has 
excellent return loss, VSWR and gain for UWB frequency range (3.1-10.6 GHz) along with Bluetooth and 
radar applications at 2.4 GHz and 9.1 GHz respectively. The designed antenna has an operating bandwidth of 
1.1-10.69 GHz (9.59 GHz) and this makes the proposed antenna is a suitable candidate for UWB applications 
and systems integrated with other two dual band applications. 
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